R~sum& La d6compression antdrieure a 6t6 rdalisde chez 41 patients porteurs de mdtastases du corps vert6bral. Les complications neurologiques 6taient patentes chez 36 patients et latentes chez 5 d'entre eux. On a utilis6 pour la reconstruction un cylindre de titane, mis en place aprSs la corporectomie et renforc6 par une plaque ant6rieure. L'implant en titane peut 8tre facilement adapt6 la longueur ndcessaire sans ndcessiter de matdriel suppl6mentaire et on6reux. L'implant est rempli de PMMA avant sa raise en place, ce qui facilite la transfixation n6cessaire au verrouillage de la rotation. La mortalit6 30 jours est de 9.7%. La douleur a disparu dans 38 cas sur 41 (92.7%), l'amdlioration motrice a 6t6 manifeste dans 31 cas sur 35 (88.6%), 6 patients ne prdsentaient aucun sympt6me neurologique ni avant ni apr6s l'op6ra-tion. Une d6gradation neurologique n'a 6t6 relev6e que dans 1 cas (2.4%). L'efficacit6 du geste chirurgical a 6t6 maintenue jusqu'au ddc6s des patients. Bien que la rdcidive tumorale ~ un autre niveau rachidien ait conduit une chirurgie it6rative chez 5 patients, aucun d6place-ment d'implant n'est survenu durant la pdriode d'observation (recul maximum 44 mois), cela t6moignant du caractSre m~caniquement faible et stir du procdd6 utilis&
Mots-cl~s: Mdtastase rachdienne -D6compression ant6rieure -ProthSse vert6brale -D6placement d'implant
Summary. Anterior decompression in spinal metastases of the corporal type with impending (n = 5) or present (n = 36) neurological complications was performed in 41 patients. For reconstruction, a titanium cylinder was inserted after spondylectomy and augmented with an anterior plate. The titanium implant can easily be adjusted to the length needed without necessitating expensive additional equipment. Outside the patient the implant is filled with polymethylmetacrylate, facilitating plate transfixation for rotational locking. There was a 30-day mortality of 9.7%. Pain relief was apparent in 38 of 41 patients (92.7%), and motor improvement was manifest
Correspondence to: H. Hertlein in 31 of 35 cases (88.6%). Six patients did not present with any neurological symptoms pre-or postoperatively. Neurological deterioration was registered in only 1 case (2.4%). Surgical efficacy was maintained until the death of the patients. Though tumor recurrence at a different spinal level led to consecutive surgery in 5 patients, no implant dislocation occurred during the observation period (maximum 44 months), characterizing the procedure as a mechanically reliable and safe technique.
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Due to improved oncological care and increased survival rate of many malignant tumors, the surgeon is confronted with a rising number of metastases of the spine [12, 15] tending to cause instability, deformity, pathological fracture, or a neurological deficit with progress of the metastatic growth [11, [15] [16] [17] . According to the metastatic spread via the vertebral venous plexus [1] , involvement of the vertebral body represents the major region of metastatic manifestation of the spine (70%-80%) [11] , while the posterior spinal elements or pericordal metastases make up only a minor part of metastatic tumor occurrence (up to 20%) [3, 23] .
Therefore, lesions of the spine should be treated at the main location of tumor invasion, i.e., anterior processes from an anterior approach [5, 26, 27] , dorsal manifestations form a posterior [2] . An exclusive posterior decompression formerly advocated for easier accessibility [8] rarely provided effective decompression for anteriorly located tumors [10, 15, 21, 24, 32] and generally increased the spinal instability or neurological deficits even after a transient postoperative improvement [2, 5, 15, 31] .
An anterior approach allows for an effective cord decompression and a rigid internal stabilization, which may be supplemented by a posterior approach if necessary in extended lesions [27] . Bone grafts [25] , acrylic cement alone [10] or in combination with a metal fixation device [10, 16] , bioceramic [19] , polymeric [4] , or metal spacers [7, 19] , or special implants [4, 5, 20, 30, 31] have been proposed or clinically applied after spondylectomy.
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Since the life expectancy of patients with metastatic spinal disease is rather limited, any procedure requiring a prolonged period of immobilization should not be tried. The technique employed should allow a maximum degree of decompression with an immediate maximum stability, rendering postoperative mobilization of the patients possible without bracing [11] .
On the other hand, instability or postoperative dislocation of the implant represents the major risks after spondylectomy and anterior stabilization (2%-10%) [5, 11, 17, 26, 28, 29] .
The purpose of the present study was to examine whether (a) implantation of a latticed titanium cylinder providing a wide contact area with the neighboring vertebrae and a good interlock with the neighboring vertebral ground plates additionally fixed with a standard fixation device (3.5-mm ASIF-DCP (dynamic compression plate) or Zielke device) represented a safe and reproducible technique adequate for most spinal levels and (b) whether the technique could significantly reduce the risk of implant dislocation,
Material and methods
From January 1, 1988, to August 31, 1991, we operated on 60 patients with metastatic disease of the spinal column. According to the main site of tumor manifestation, a titanium spacer was implanted after anterior spondylectomy in 41 patients who will be discussed in detail. Of these, 23 patients were female, 18 were male. The diagnosis of the primary tumor is shown in Table 1 . The average age at surgery was 57.2 years (range 36-76 years). With renal carcinoma, angiography was routinely performed preoperatively for major bleeding risks. Intraarterial embolization, however, was only applied in 2 cases. In 31 patients, a single anterior approach was adequate for tumor resection and stabilization, while in 10 patients an anteroposterior approach was necessary. The indications for surgical intervention were analogous to those given in the current literature [15, 23] : pain caused by an unstable spine or an impending or manifest pathological spinal fracture or a neurological deficit. Since 35 patients already had neurological symptoms, the surgical treatment was performed as an emergency procedure. None of the patients, however, suffered from a complete paraplegia prior to surgical therapy (compare Table 2 ). In 17 patients, the neurological deficit was the primary manifestation of vertebral metastatic disease. No specific clinical neurological symptoms could usually be attributed to the level of tumor invasion, i.e., the extent of sensible or motoric deficits was only related to Surgical technique. In general, a titanium spacer can be used as an universal implant for vertebral body replacement except for the first two cervical levels [9] . The implant has a cylindrical (cervical spine) or oval (thoracic or lumbar spine) cross section and is available in 4 different sizes: 16-mm cylindrical, 17 x 22 mm, 22 x 28 mm, 26 • 33 mm oval (Fig. 2) . The length of the implant (standard length varying from 30 to 90mm) may be tailored with a pair of nippers according to the actual length needed intraoperatively. Additionally, the implant may be reinforced at its base and top with a titanium ring fixed with screws to the inner circumference of the cylinder (Fig. 2) . Static compressive loading of a standard cylinder yielded a compressive strength of 4000 (cervical spine implant)-7500 N (lumbar spine implant) [9] . During cyclic loading, after a million load cycles no permanent mechanical deterioration of the implant could be observed [9] . Beyond that, the cylinder may be filled with bone material or methylmetacrylate outside the patient for increasing the contact areas and easier transfixation of the plate screws. The latter procedure was practised in all 41 patients. In the cervical spine (including the T1 vertebra), a conventional anterior approach was employed. Spondylectomy was performed including the corresponding discs and the posterior longitudinal ligament until the dura was free from any compromising tumor masses. For easier handling, a distractor was fixed to the neighboring vertebrae anteriorly. After selection of an adequate titanium cylinder, trimming the implant to the correct length, and filling the implant with polymethylmetacrylate (PMMA) on the preparation table, the implant was inserted and protected against dislocation with an H-shaped Orosco plate (Fig. 3) . A transfixation of the cylinder by the screws of the plate is not mandatory in the cervical spine. In the thoracic vertebral column (T2-11), generally a right posterolateral thoracotomy was performed. Decompression was done in analogy to the cervical spine. After insertion of the implant under hyperlordosis between the vertebral end-plates of the neighboring vertebrae, a 3.5-ram ASIF-DCP was applied laterally, transfixing the titanium spacer/PMMA compound with 2 screws to prevent a lateral tilt or rotation of the implant (Fig. 4) . In case of tumor expansion to the posterior spinal elements, an additional posterior approach decompression involving laminectomy and dorsal stabilization was carried out (VDS-Zielke system or intern, fixateur or Roy-Camille plates; Fig. 5 ). For TI2 and L1 vertebrae, a thoracoabdominal approach was necessary. In the lumbar vertebrae, usually a left retroperitoneal approach was chosen. In patients with extensive tumor invasion of the anterior and posterior column and consequent manifest or impending instability, a combined anteroposterior approach was necessary. In 3 selected cases Fig. 4 . Replacement of the third thoracic vertebra by a titanium cylinder filled with polymethylmetacrylate (PMMA). Additional anterolateral placement of a 3.5-ram DCP which transfixes the spacer/PMMA compound with 2 screws to prevent rotation of the cylinder in the lumbar spine, a novel technique was employed, the anterior transpedicular fixation (Fig, 6 ). With this technique, an additional posterior approach is unnecessary to gain an equivalent stability to combined approach and bilateral stabilization [13] . To protect the retroperitoneal structures, an implant with a smooth surface was chosen and covered with a polyglactin-910-net. Prior to clinical application, an anatomical study revealed that a safe anterior placement of the pedicle screws was possible [13] .
Postoperative care. Depending on the neurological status, all patients were mobilized immediately postoperatively. Only in the case of a cervical vertebral body replacement was a soft collar worn for 2 weeks after surgery. Radiation therapy was generally performed postoperatively provided that success was to be expected from the tumor histology result. Postoperative check-up. All patients were evaluated neurologically according to the Frankel score immediately pre-and postoperatively [6] . Follow-up with evaluation of subjective (pain, ambulatory function) and objective criteria was performed until the patient's death (n = 30) in 3-month intervals or until the end of the observation period (maximum 44 months) by an independent observer (T.K.) who was not involved in the routine clinical care and surgical procedures.
Results
No major intraoperative complications were observed. T h e m e a n intraoperative b l o o d loss came to 1250ml (range 200-9000 ml). Postoperatively, 2 lethal complications (1 pneumonia, 1 pulmonary embolism) occurred during the hospital stay of the patients (gth and 10th day after surgery, respectively). Two further patients died during the 30-day period after the operation due to reasons not related to the surgery (apoplexia, cardiac failure). Two deep infections were registered which could be treated without removal or replacement of the implant and healed without further problems. N o implant dislocation was observed; only in 1 case was a slight protrusion of the implant into the cranial end-plate of the neighboring vertebra seen which did not increase up to the death of the patient after 5 months and did not require intervention.
Further surgical therapy was necessary due to tumor recurrence or progression in a neighboring vertebra or at a distant location of the spine in 5 patients during the observation period. A t the same spinal level, no significant t u m o r recurrence was observed that made surgical intervention necessary.
Significant pain relief was observed in 38 of 41 patients (92.7%).
A deterioration of the neurological status after surgery was noted in only 1 patient with expansive invasion of the anterior and posterior elements of the T9 vertebra and a large paraspinal t u m o r 3 days after surgery n = 41 patients; 6 patients had no neurological deficit before operation Spinal levels: c = C3-T1; t = T2-Tll; 1 = T12-L5 due to excessive bleeding and epidural hematoma formation. Immediate decompression after manifestation did not lead to neurological recovery. A neurological improvement by one or two Frankel grades was seen in 31/ 35 (88.6%) patients (Table 3) . The mean survival rate of all patients after surgery was 8.5 months due to the advanced stage of the malignant disease in this patient group.
Discussion
Secondary neoplastic disease represents the major type of tumorous lesion of the spine [22, 23] . Frequency, biological behavior, and prognosis essentially depend on the type of the primary tumor [15, 18] . As such, metastatic spinal disease does not represent a homogeneous problem. Due to the improvement of chemo-and radiotherapy with a concomitant increase of life expectancy of patients with malignant diseases, the number of patients developing vertebral metastases with corresponding sequelae has increased and will continue to do so [12, 15] .
In contrast to the therapy of benign lesions of the spine, surgical treatment of vertebral metastases generally cannot claim a curative aim [2] . The survival time does not essentially depend on the therapeutic approach towards the spinal metastasis [17, 24] . Thus, the indications for surgical intervention are mainly palliative, such as the relief of otherwise intractable pain and the elimination or improvement of neurological symptoms in the presence of pathological spinal fracture deformity or cord compression [15, 23] . Therefore, the main goal is improvement of the quality of life [23] , thereby influencing indirectly the life expectancy by avoiding confinement to a wheelchair or to bed with the ensuing typical complications.
Historically, the mere dorsal decompression of a mostly anterior tumor manifestation (up to 80%) has often yielded unsatisfying postoperative results due to inadequate accessibility of the main tumor masses anteriorly or due to added spinal instability with removal of the posterior vertebral elements [2, 10, 15, 21, 24, 31, 32] .
During the past decade, a multitude of surgical procedures has been published propagating an anterior or a combined anterior and posterior approach with resection of the involved structures and a stabilization that 135 should be as rigid as possible [4, 5, 7, 9-12, 15-20, 24-31] . The approach is determined by the main site of tumor localization. In our series, in 10 patients (24%) a bilateral approach was regarded as necessary. The frequency of a bilateral approach is quite variable in the literature, and the criteria for an absolute indication are apparently a matter of discussion [14, 16] .
Since autologous bone grafts alone require several months for incorporation to achieve adequate stability [10] without external bracing or immobilization, and this can be delayed if irradiation is applied, most authors have combined the technique of acrylic bone cement insertion after spondylectomy with augmentation by a metal implant [5, 11, [26] [27] [28] . Apparently, the percentages of neurological improvement, neurological worsening, morbidity, and 30-day mortality are comparable irrespective of the specific technique used for additional stabilization (Table 4) [5, 11, 17, 26, 28, 29] . On the other hand, the technique of in situ hardening of the PMMA has its particular risks [5, 10, 20] and does not represent a standardized technique with reproducible and reliable biomechanical properties: Thus, the number of secondary implant dislocations is relatively high (2%-10% ; Table 4 ).
In those studies in which an alloplastic implant had been used after spondylectomy, no implant dislocation or only a rather reduced rate of implant motion -mostly due to technical errors at implantation -was observed [5, 19, 20, 30, 31] . On the other hand, most spinal prostheses require substantial additional instrumentation or intraoperative effort to fit the implant into the gap after excision of the metastasis [4, 5, 19, 20, 30, 31] . This is not true with the titanium spacer exclusively used in the present series. From 4 different standard sizes, the individual prosthetic length can be adjusted intraoperatively just by using a pair of nippers [9] .
No implant dislocation was observed in our series. A slight intrusion into the end-plate of the neighboring superior vertebra was self-limiting and did not require surgical intervention. This may be attributed to the excellent anchoring properties of the sawtooth-like surface of the titanium spacer protected from rotation by the 3.5-mm ASIF-DCP. The clinical results -subjective and objective -are comparable with those reported for other procedures using the anterior approach (Table 4) [5, 11, 12, 16, 17, [26] [27] [28] [29] . Recurrence of the tumor led to Table 4 ) may be attributed to a limited tumor excision at primary surgery. In our series, the number of multiple level spondylectomies was relatively high in comparison with others [10, 17] . As no local tumor recurrence occurred at the same spinal level, this procedure of radical tumor excision at primary surgery is supported by the results, independent of the specific implant employed.
Apparently, the use of a titanium spacer with this geometry represents a practicable and safe procedure after anterior spondylectomy. Eventual thermal damage due to in vivo polymerization of the PMMA [10] is eliminated. The PMMA used for filling the titanium cylinder only serves as a support for the DCP screws and is not necessary for implementation of the mechanical stability. The biomechanical properties and the design of the titanium spacer, as demonstrated in vitro [9] , guarantee a minimum risk of dislocation after implantation, providing an optimum maintenance of stability and the neurological status achieved after anterior spinal cord decompression.
